This study aims to clarify taxonomic relationships within the current concept of Xanthoria parietina in northern Europe. For comparison, X. calcicola was also included in the study. Morphological as well as molecular data were utilized. Morphology indicated the presence of three species, Xanthoria parietina, X. calcicola, and X. aureola, the latter of which is resurrected here from synonymy. The most important separating characters involve colour and thickness of the thallus, lobe width, morphology of laminar structures, and the texture of the upper surface. X. aureola, as recognized here, mostly occurs on seashore rocks. Part of the IGS region as well as the complete ITS were sequenced in 70 individual thalli representing ten geographical regions in Europe. In total, 19 different IGS haplotypes and 20 different ITS haplotypes were present in the data set. Owing to indications of possible recombination between the IGS and the ITS, the two data sets were analyzed separately. Haplotype networks were estimated, both of which indicate that X. parietina is distinct from X. aureola and X. calcicola. In our sample, the two latter do not share haplotypes, but are only separated by a few mutational steps.
INTRODUCTION
Xanthoria parietina is an easily observed and readily recognized lichenized species, which is exceedingly common in several areas of the world. Yet, it displays a large amount of morphological and ecological variation and this has been interpreted in various ways taxonomically. The species was first formally described by Linnaeus (1753 ; as Lichen parietinus) . Over the years, the morphological variation attracted attention and several varieties and forms were described and named by early taxonomists (cfr Hillmann 1920) . Most authors currently accept a reasonable amount of variation with regard to morphology without necessarily assigning names to morphotypes. There are, however, uncertainties concerning some morphological, chemical as well as ecologically seemingly well-defined morphs. These might deserve some taxonomic rank, but in most treatments uncertainties regarding their status have been expressed.
X. aureola is an example of a name with unclear taxonomic relationships with X. parietina. It was described by Acharius (1809 ;  as Parmelia aureola) from seashore rocks in Sweden. Erichsen (1930) combined it into the genus Xanthoria, stating that he considered it a distinct species. He had used the name X. aureola for seashore morphotypes even earlier (Erichsen 1928) , and he kept it separate from X. parietina, using both names parallelly. Unfortunately, later authors erroneously applied the name X. aureola to the taxon that is known since 1984 as X. calcicola (Santesson 1984) ( Table 1 ). The seashore morphotype that Acharius originally recognized as a taxon has later mostly been included within the concept of the variable species X. parietina. The only recent treatments where the seashore morphotype is treated separately from X. parietina cover Great Britain, Ireland, and Italy (Laundon 1992 , Nimis 1993 ; both as X. ectaneoides). Laundon (1992) added that it had been considered an ecotype of X. parietina and that its status merited further investigation. X. aureola, reproducing mainly by fragmentation, and X. calcicola, reproducing chiefly by isidia, were interpreted as secondary species derived from the primary species X. parietina (Laundon 1992) . Nimis (1993) indicated that it belongs to a poorly understood complex. Neither X. aureola nor X. calcicola seem to be present in North America, but only X. parietina (Degelius 1940 , Lindblom 1997 . Doubts have been expressed whether the taxa in the X. parietina complex are separated by heritable differences, or, if the observed variation just represents effects of environmental modification of the phenotype (Hill & Woolhouse 1966 , Richardson 1967 . Franc & Ka¨rnefelt (1998) investigated the relation between X. parietina and X. calcicola in south-eastern Sweden, based on ITS sequences. They concluded that the two taxa were closely related but genetically distinct. However, it is unclear whether they included X. aureola in the material of X. parietina. A summary of how some authors have used the names is given in Table 1 .
During the initial stages of our investigations in Norway and Sweden of the population genetics of X. parietina, it became evident that some populations on seashore rocks consisted of mixed stands of what seemed to be two morphologically distinct taxa. They were, however, not always evident and readily distinguished. We soon realized that the two morphotypes possibly corresponded to the taxa recognized by Laundon (1992) as X. parietina and X. ectaneoides, respectively. As the latter taxon was not recognized in Fennoscandia (Santesson 1993 , Krog, Østhagen & Tønsberg 1994 , Santesson et al. 2004 , and because it was crucial to our population investigations that only X. parietina was included in future analyses, the taxonomy had to be resolved. In addition, X. parietina is commonly selected for diverse studies of lichenized ascomycetes, for example physiological investigations, but the identity of the material used is often unclear.
The main objectives of this investigation were to investigate : (1) whether X. parietina and X. aureola are separate species; and if so, (2) unravel the most important diagnostic characters. For comparison, X. calcicola, repeatedly mentioned as a close relative of X. parietina, was included in the study.
MATERIAL AND METHODS

Specimens and morphology
Morphology and anatomy were studied on specimens from BG, BM, E, FR, and LD, largely following the approach of Lindblom (1997 : 83-86) . Also following Lindblom (1997) , the width of marginal lobes was measured in three ways : (1) at the outermost lobe tip ; (2) at the widest point (normally where the lobe tips ramify) ; and (3) just inside the widest point (where lobes become somewhat constricted). The width of the central lobules of X. aureola was measured 0.5-1 mm inside the lobe tips. Thallus thickness as well as the thickness of individual thalline layers were measured in thin hand sections mounted in water. Sections were cut 1-2 mm in from the lobe tips. Measurements in the descriptions are given as (min. value obs.-) arithmetic mean obs. (-max. value obs.) .
For molecular investigation, fresh material was collected in addition to a selection of herbarium specimens (Table 2) . Collections and voucher specimens are being deposited in BG and E, but fresh material is also kept at x20 xC (L. L.). Fresh dried lichen samples stored in a freezer can remain viable for extended periods of time (Honegger 2003 , Scherrer & Honegger 2003 .
DNA extraction, PCR amplification, and sequence alignment Seemingly healthy lobe tips were selected and cleaned with a razor blade from all visible contaminants, such as mite faeces and parasitic fungi, before DNA extraction. Total DNA was extracted using the DNeasy Plant Mini Kit (Qiagen, Hilden). DNA was eluted with H 2 O to a final volume of 200 ml and 23 ml buffer TE (pH 8.3) added. Erichsen (1930) X. parietina X. aureola X. aureola James (1965) X. parietina X. parietina var. ectanea X. aureola Poelt (1969) X. parietina X. aureola var. ectaniza X. aureola var. aureola Dahl & Krog (1973) X. parietina X. parietina X. aureola Santesson (1984) X. parietina X. parietina X. calcicola (=X. aureola auct. non Ach.) Laundon (1992) X. parietina X. ectaneoides X. calcicola Nimis (1993) X. parietina X. ectaneoides X. calcicola Santesson et al. (2004) X. parietina X. parietina X. calcicola Two nuclear ribosomal DNA markers were selected : part of the intergenic spacer region (IGS) at the 3k-end and the complete ITS. PCR amplification of the IGS fragment (ca 350 bp long) was performed using primers IGS12a-5kand NS1R-3k (Carbone & Kohn 1999) . PCR amplification of the ITS1-5.8S-ITS2 (ca 500 bp long) was performed using primers ITS1F-5k and ITS4-3k (White et al. 1990 , Gardes & Bruns 1993 .
PCR reactions were performed in a total volume of 50 ml, and contained variable amounts of extracted DNA (5 or 10 ml of extracted DNA), 200 mM of each of the four dNTPs, 0.7 or 0.8 mM of each primer, 1.5 or 2.5 units of the Herculase enhanced DNA polymerase (Stratagene, La Jolla, CA), together with 5 ml of the recommended buffer. In some PCRs of the IGS, 1 ml of dimethyl sulfoxide (DMSO ; Stratagene) was added. Two different sets of cycling parameters for amplifying the IGS region were used : a hold at 95 x (5 min), 15 cycles at 95 x (30 s), 55-40 x (touchdown, 30 s), 72 x (1 min 30 s), 35 cycles at 95 x (30 s), 40 x (30 s), 72 x (1 min 30 s), and a final hold at 72 x (10 min), after which the reaction was cooled to a constant 4 x ; or: 95 x (5 min), 11 cycles at 95 x (30 s), 66-56 x (touchdown, 30 s), 72 x (1 min 30 s), 35 cycles at 95 x (30 s), 56 x (30 s), 72 x (1 min 30 s), and a final hold at 72 x (10 min), after which the reaction was cooled to a constant 4 x. PCR cycling parameters used for amplifying the ITS region were : a hold at 94 x (4 min), six cycles at 94 x (1 min), 62-56 x (touchdown, 45 s), 72 x (1 min 45 s), 34 cycles at 94 x (30 s), 56 x (30 s), 72 x (1 min 45 s), and a final hold at 72 x (10 min), after which the reaction was cooled to a constant 4 x.
PCR products were purified with the QIAquick PCR Purification Kit using a microcentrifuge (Qiagen). Purified PCR products were sequenced with the same four primers used for the amplification. The BigDye Terminator II Kit (Applied Biosystems, Foster City, CA) was used according to the manufacturer's instructions except that the reaction volume was 10 ml instead of 20 ml. The cycle sequencing programme included 94 x (30 s) and 29 cycles at 95 x (15 s), 45 x (15 s), 60 x (4 min). Automatic sequencing was conducted on an ABI Prism 3700 DNA analyser (Applied Biosystems).
Sequences were assembled and edited using Sequencher 3.1.1 (Gene Codes Corporation, Ann Arbor, MI). The end of IGS was defined using the beginning of the SSU in the nuclear rDNA part of the Saccharomyces cerevisiae chromosome XV sequence NC 001147 from GenBank. The beginning of ITS1 was defined using the nuclear rDNA part of the S. cerevisiae chromosome XII sequence Z73326 obtained from GenBank. Sequence integrity was checked using BLAST searches (GenBank). One sequence per haplotype of both IGS and ITS from this study was deposited in GenBank (Tables 4-5).
The sequences were aligned using ClustalX version 1.81 (Thompson et al. 1997) , and manually checked and adjusted. Multiple subsequent gaps were reduced to singular gaps in the data matrices.
Recombination
Recombination is mainly defined as the exchange of genetic information between two nucleotide sequences (Posada & Crandall 2001b) . In the absence of recombination, the two gene regions could be considered as a single locus. Therefore, we were interested in quantifying recombination in the data set and to locate potential recombination breakpoints. Posada (2002) recommended that conclusions about recombination in a data set should not be based on a single method. Consequently, we utilized two methods in order to assess any potential recombination in our data set : the software DnaSP version 3.99.4 (Rozas & Rozas 1999) as well as LAMARC version 1.1 package (Kuhner 2003) .
DnaSP implements the four-gametic test (Hudson & Kaplan 1985) to estimate the minimum number of recombination events (R m ) in the history of the sequence sample (cfr Hudson 1987 , Felsenstein 2003 . 95 % confidence intervals were obtained by coalescence simulations. We allowed an intermediate level of recombination per gene, except in X. parietina where the option 'free recombination ' had to be used because of the large R estimated. All simulations included 50 000 replicates. The four-gametic test was also used to predict recombination breakpoints.
Recombination rate (' r '; Kuhner, Yamato & Felsenstein 2000) , measured as the number of recombination events per intersite link per generation divided by the number of neutral mutations per site per generation, was estimated using the software LAMARC 1.1 (Kuhner 2003) . LAMARC integrates out uncertainty about the true genealogy by use of a MetropolisHastings MCMC coalescent sampler. We treated each of the species as a single population of constant size, and IGS and ITS as a single locus. Estimates of 'r ' from the entire data set could not be obtained by LAMARC, as the algorithm implemented in this software assumes that ' r' is approximately constant through time (Kuhner 2003) , an assumption that would not hold if several species were analyzed simultaneously. Starting values were set to a Watterson estimator for theta (the 'coalescence force ' or, in a haploid, twice the effective population size multiplied by the number of neutral mutations per site per generation) and 0.0001 for the recombination rate. Five heated chains (1.2, 1.4, 1.8, 2.5, 5) were used in addition to the cold chain, and the chains were allowed to swap information each 11th generation. 20 short chains, each consisting of 10 500 generations (the 500 first of which were burn-in), were run to refine preliminary estimates of theta and 'r '. Subsequently, a long chain consisting of 210 000 generations (10 000 of which were burn-in) was run to create the parameter estimate. The parameter estimates from this chain were treated as final, except in the case of X. parietina, where the estimates were input to a final long chain with the same settings, except that the chain was replicated three times. In all cases, likelihoods were normalized to improve numeric precision. The likelihood model used was F84 without rate heterogeneity, and a transition/transversion rate of 2.5. This was the model implemented in LAMARC, coming closest to the most optimal model identified by the likelihood ratio test implemented in the software MODELTEST version 3.06 (Posada & Crandall 1998) . The value of the transition/transversion rate was obtained by optimizing the likelihood model onto a neighbour-joining tree under the F84 model, and rounding to the nearest single decimal.
Genealogy estimation
We applied an analysis method based on haplotype relationships to test whether the taxa were discontinuous, as suggested for intraspecific data sets as well as closely related species (Posada & Crandall 2001a , Printzen & Ekman 2002 , Rosenberg & Nordborg 2002 . Statistical parsimony (Templeton, Crandall & Sing 1992 , Carbone & Kohn 2001a ) is a technique to estimate gene genealogies including multifurcations and/or reticulations (Posada & Crandall 2001a) . Only recently have haplotype network approaches been applied to lichen-forming fungi (Printzen & Ekman 2002 , Printzen, Ekman & Tønsberg 2003 . We used software TCS 1.13 (Clement, Posada & Crandall 2000) to estimate networks under the 95% parsimony probability criterion (Templeton et al. 1992) . Gaps were treated as a fifth character state. The network estimations were carried out separately for the IGS and the ITS data matrix owing to indications of possible recombination between the genes (see above). The IGS and ITS matrices were of equal size and corresponding sequences were obtained from the same lichen samples.
As a complement to the network analyses, phylogenetic trees were constructed using neighbour-joining (NJ) based on LogDet/Paralinear distances. NJ is inherently approximate (Swofford et al. 1996 ), but we considered it sufficient for our purposes, where differences between sequences are small. Negative branch lengths were set to zero. IGS and ITS alignments were analyzed separately and collapsed into haplotypes. To root the trees, we added a newly acquired sequence of Xanthoria sorediata to each alignment ; GenBank accession numbers AY453648 (IGS) and AY453647 (ITS). The outgroup is reasonably closely related to X. parietina according to larger phylogenetic analyses (Søchting, Ka¨rnefelt & Kondratyuk 2002 , Gaya et al. 2003 . The NJ analyses were carried out using PAUP 4.0 b10 (Swofford 2001) . Branch support was estimated using 1000 bootstrap replicates.
RESULTS
Morphology
The most important characters separating Xanthoria parietina, X. aureola, and X. calcicola are summarized in Table 3 and on pp. 194-198. X. parietina, X. aureola, and X. calcicola are all foliose, yellow to orange pigmented, relatively large and conspicuous lichens with horizontal marginal lobes and ellipsoid conidia. There are, however, several characters supporting the distinction of the taxa. Xanthoria parietina and X. aureola mainly differ in the thickness of the thallus, surface structures (smooth/rough upper surface as well as the absence/presence of lobules), lobe width, and frequency of apothecia. There are also differences in thallus size and pigmentation as well as ecological differences.
DNA sequences
We obtained 70 IGS sequences and 70 ITS sequences by PCR, and subsequent sequencing. After alignment and gap reduction the IGS data matrix contained 336 positions, while the ITS data matrix contained 515 positions. There were 28 polymorphic sites (ca 8%) in the IGS (Table 4 ) and 48 polymorphic sites (ca 9%) in the ITS (Table 5) .
Recombination
The observed R m was zero in the data sets for Xanthoria aureola and X. calcicola, respectively. In Table 3 . Morphological characters that can be used for separating Xanthoria parietina, X. aureola, and X. calcicola. the X. parietina data set, as well as the total data set including all three taxa, the observed R m was 1. For X. parietina, this recombination was detected between sites 127 and 600 (where the first 515 sites consist of ITS and the rest IGS), while for the total data set, the recombination breakpoint could be accurately assigned to occur between sites 512 and 518, i.e. exactly between the last variable site in the ITS and the first variable site in the IGS. Coalescent simulations resulted in an estimated R m for the total data set, R m =1.97 (average value) with the 95 % confidence interval 0-4. For X. parietina, the average was R m =4.87, with the 95% confidence interval 2-9. For X. aureola, the average was R m = 0.39, with the 95% confidence interval 0-2. For X. calcicola, the average was R m =0.61, with the 95 % confidence interval 0-2. Positive evidence for recombination using this method seems only to occur in X. parietina, although it could not be ruled out in the other species.
The maximum likelihood (ML) estimate of 'r' obtained with LAMARC was 0.63 in X. parietina, with the 95 % confidence interval 0.57-0.90. Roughly speaking, this means that, in the most likely case, there seems to have been a little more than one recombination event for every two mutation events in the history of this sample. The ML estimate of 'r ' in X. calcicola is zero, and the 95% confidence interval 0-0.22. In X. aureola, the ML estimate of ' r' is also zero, whereas the 95% confidence interval is in the range 0-0.87. The estimate of ' r' in X. parietina is the most precise due to the amount of data used in the analysis. Results were consistent with estimates of R m . Fig. 1 . 95 % probability haplotype network for Xanthoria parietina, X. aureola, and X. calcicola, based on IGS sequences. The size of the ovals is proportional to the number of sampled sequences of the haplotype. For haplotype numbers and exact haplotype frequencies, see Table 4 . Open circles represent haplotypes not present in the sample. A line between haplotypes represents one mutational step. . 95 % probability haplotype network for Xanthoria parietina, X. aureola, and X. calcicola, based on ITS sequences. The size of the ovals is proportional to the number of sampled sequences of the haplotype. For haplotype numbers and exact haplotype frequencies, see Table 5 . Open circles represent haplotypes not present in the sample. A line between haplotypes represents one mutational step.
Genealogy estimation
The network estimated for IGS connects all the haplotypes in a single network (Fig. 1) . The Xanthoria parietina haplotypes are clustered in one part of the network, and separated from X. aureola and X. calcicola by seven steps (unobserved haplotypes) between the closest haplotypes. The network estimated for the ITS resulted in two unconnected networks (Fig. 2) , one containing all samples of X. parietina, and the other containing the X. aureola and X. calcicola samples.
The NJ analyses for both IGS and ITS resulted in trees in which all X. parietina samples are monophyletic, while X. aureola and X. calciola constitute a monophyletic sister group to X. parietina (Fig. 3) , with high bootstrap support, 100 % in the ITS tree and 86 % in the IGS tree. Furthermore, X. aureola forms a monophyletic group with high bootstrap branch support, whereas X. calcicola appears to be paraphyletic.
DISCUSSION
Several morphological characters separate X. aureola and X. parietina (Table 3 ). In addition, both network analyses and phylogenetic analyses of the IGS and ITS data reveal a genetic distinction between the two taxa (Figs 1-3) . X. aureola is separated morphologically from X. parietina mainly by: (1) producing crenulate to strap-shaped, rather narrow lobes, which are more or less overlapping and cover the whole thallus; (2) possessing thicker and more robust lobes ; and (3) having a rough upper surface due to the presence of crystals. They often grow together on seashore rocks. However, while X. aureola seems to be restricted to that habitat, X. parietina has a much wider ecology. Several morphological characters in X. parietina, X. aureola, and X. calcicola exhibit considerable phenotypic plasticity that may cause difficulties in determining the species in the field. This variability was also evident in the transplant experiments carried out by Richardson (1967) , although there were no means available at that time to deduce whether the observed variation could be explained by a genetical component. It is evident that X. parietina, even when it is not treated as a collective species, clearly possesses more variation in the studied DNA fragments than X. aureola and X. calcicola.
The haplotype networks and the phylogenetic analyses of the molecular data further indicate that X. aureola is closely related to the morphologically similar X. calcicola. This is supported by morphological characters shared by X. aureola and X. calcicola, such as the rougher texture of the upper surface (owing Fig. 3 . Neighbour-joining phylogenetic trees for Xanthoria parietina, X. aureola, and X. calcicola, based on DNA sequences from two different gene regions. Xanthoria sorediata was used as outgroup. Bootstrap support >50 % are given above branches. Fig. 3A . Tree based on IGS sequences. Fig. 3B . Tree based on ITS sequences.
to the presence of crystals), larger thickness of the thallus, especially the medullary layer, and, to some extent, the strongly gelatinized, more conglutinated hyphae of the lower part of the medulla. They do not share any haplotypes, however, neither in the IGS nor in the ITS. In addition, there are morphological characters that separate them and that seem distinct : the laminar vegetative structures differ in shape (lobules vs isidia), the lobes are thicker in X. aureola, the frequency of apothecia is different, and there are small but consistent differences in the morphology of the thalline margin of the apothecia (Table 3) . No data concerning the secondary chemistry of X. aureola have been published, whereas it has repeatedly been demonstrated that X. calcicola has high concentrations of fallacinal and teloschistin, the so-called chemosyndrome A3 (Steiner & Hauschild 1970, as X. aureola; Søchting 1997) . However, the two species possibly have different chemosyndromes, because X. aureola is almost invariably bright yellow, indicating the presence of chemosyndrome A, whereas X. calcicola, possessing chemosyndrome A3, is mostly deeper orange. X. aureola and X. calcicola also differ in ecology ; X. aureola seems to be exclusively coastal, growing on seashore rocks, while X. calcicola mainly occurs in lowland areas on more or less calcareous stonework, etc., and only rarely on bark. The close relationship between X. aureola and X. calcicola was discussed by Scherrer & Honegger (2003 ;  as ' X. ectaneoides ' and X. calcicola), who demonstrated low variability of the ITS and H1 DNA regions in both taxa. Low genetic variability within species seems to be the case also in the IGS and ITS sequences of X. aureola and X. calcicola in our investigation, although the sample of X. calcicola was small. The phylogenetic trees constructed from DNA sequence data resulted in paraphyly of X. calcicola, because X. aureola is nested inside the same clade, which was also the case in a previous study (Scherrer & Honegger 2003) . There is a fundamental distinction between gene trees and species trees (Avise 2000 , Rosenberg & Nordborg 2002 . Paraphyly, or even polyphyly, in gene genealogies might be a temporary transitional state before finally reaching reciprocal monophyly, owing to incomplete lineage sorting of a genetically variable ancestral population (Avise 2000) . Consequently, the genealogical paraphyly observed here cannot be taken as evidence that X. aureola and X. calcicola are conspecific, nor can it be interpreted to mean that colonization has proceeded from an inland rock-walls to maritime habitats. The morphological, chemical, and ecological differences along with the lack of shared haplotypes, on the other hand, indicate that X. aureola and X. calcicola are best treated as separate species. One of several other examples of how incomplete lineage sorting can make species nonmonophyletic, even though they are otherwise distinct in morphology and behaviour, is the species-rich group of cichlid fishes in the three East African lakes Victoria, Malawi, and Tanganyika (Sturmbauer et al. 2003) . Indeed, it has recently been proposed that paraphyly within closely related assemblages of taxa may be more common than currently assumed (Salzburger, Martens & Sturmbauer 2002) . Overall, it is evident that the relationship between X. aureola and X. calcicola needs further study, preferrably including samples from their entire geographical ranges.
There are indications that recombination has occurred in the data set, and that this recombination has occurred between the IGS and ITS. Consequently, artefacts (e.g. loops) in the network analyses were avoided by keeping the data matrices separate. Subdividing the data into smaller non-recombining regions was proposed by Templeton et al. (1992) and Carbone & Kohn (2001b) as a possible method of dealing with potential recombination. However, the point in time when the recombination might have occurred cannot be determined. Therefore, measureable recombination might be caused by ongoing recombination due to heterothallic sexual reproduction, or, traces of recombination that occurred a long time ago.
We have shown in this study that the variation in the partial IGS and ITS of the nuclear ribosomal DNA can be utilized to analyze the interspecific relations between closely related species, such as X. parietina and X. aureola. Additionally, the results of the haplotype network analyses indicate that the same DNA fragments are suitable for further analyses of population structure within X. parietina.
TAXONOMY
We do not intend to give complete descriptions of the species here. The aim is rather to provide short characterizations and notes on how to separate Xanthoria parietina and X. aureola (but see Laundon 1992 ; and for X. parietina, Lindblom 1997). The most important characters separating X. parietina, X. aureola, and X. calcicola are summarized in Table 3 Morphology. Thallus to (25-)43(-100) mm diam, mostly well delimited and regular, yellow to orange (shade forms green-grey). Marginal lobe ends at the outermost tips (0.4-)0.82(-1.6) mm wide, at the widest point (1.5-)2.86(-6.0) mm wide, and just inside the widest point (0.9-)1.69(-3.1) mm wide. Marginal lobe tips branched, spathulate to flabellate. Specialized vegetative laminar structures absent. Upper surface somewhat wrinkled, smooth to shiny, crystals absent. Thallus thickness (143-)236(-291) mm. Medulla with hyphae in bundles. Apothecia almost always present, abundant, to (0.7-)1.82(-4.5) mm diam, thalline margin mostly¡smooth. Pycnidia abundant, immersed to somewhat protruding. Conidia ellipsoid.
Chemosyndrome : A (Steiner & Hauschild 1970 , Søchting 1997 .
Habitat and distribution : On a variety of substrates and in a variety of habitats, including the substrates and habitats of X. aureola and X. calcicola. In maritime habitats in Norway, populations on tree bark are rarer than on rock, whereas the opposite is true in inland habitats. This species occurs more or less world-wide (Lindblom 1997) and is locally very common.
Notes: The thallus of X. parietina has a thinner and somewhat more delicate appearance than X. aureola and X. calcicola. This is mainly because the lobes of the latter two are thicker and more robust. In addition, the laminar vegetative structures of X. aureola and X. calcicola may enhance that impression. Only in one of the three different points where lobe width was measured did the measurements differ to any considerable extent, that is, at the widest point. The lobes of X. parietina (arithmetic mean 2.9 mm) and X. calcicola (arithmetic mean 3.0 mm) were considerably wider than the lobes of X. aureola (arithmetic mean 2.3 mm). X. parietina produces no specialized vegetative structures, as opposed to X. aureola and X. calcicola. X. aureola typically forms thalli with overlapping crenulate to strap-shaped lobules, which are evenly wide (ca 0.8 mm) and cover the centre or more or less the entire thallus. Similarly, the centre of the thallus of X. calcicola becomes covered with coarse projections, mostly termed isidia or papilla. In X. parietina, apothecia are almost always present, while in X. aureola and X. calcicola they occur more sporadically. Regularly, however, abundantly apotheciate thalli of X. aureola are found among populations of thalli lacking apothecia. X. calcicola, when found with apothecia, seems only to produce few and scattered apothecia. Conidia are ellipsoid in X. parietina, X. aureola, and X. calcicola. However, our measurements suggest that there might be a difference in the width of the conidia between X. parietina on one hand, and X. aureola and X. calcicola on the other. It seems that the conidia of X. parietina are somewhat wider relative to the length, giving the impression that the conidia are shortly ellipsoid, while the conidia of the other two species are more slender, giving the impression of a more narrowly ellipsoid shape of the conidia. Larger series of measurements of conidia might reveal significant differences in the length, width, or length :breadth ratios of the conidia.
Even when X. aureola and X. calcicola are kept separate from X. parietina, the species is genetically variable (14 IGS and 15 ITS haplotypes were found in our investigation) and also expresses great variation in several morphological characters. We do not know if the morphological variation reflects phenotypic plasticity in a strict sense, or if the underlying variation is genetically induced. Regeneration of thallus parts parasitized, or in any other way damaged, can result in secondary lobules, then making X. parietina difficult to separate from X. aureola and X. calcicola. Fig. 4 . Thallus morphology of Xanthoria parietina, X. aureola, and X. calcicola. Fig. 4A . X. parietina. Fig. 4B . X. aureola. Fig. 4C . X. calcicola. Photographs by U. Arup.
Furthermore, we cannot eliminate the possibility that there are more taxa included in X. parietina in the current sense.
Acharius (1814) made the combination Parmelia rutilans, including both what he had earlier (Acharius 1809) described as Lecanora rutilans and P. parietina var. ectanea. Fries (1871) considered both as normal forms of Xanthoria parietina, the first corticolous, the second saxicolous. We agree with Fries (1871) , and it seems that he had seen the material in H-ACH. We selected the specimen on smooth bark in the upper left corner on the sheet in H-ACH sheet 1301 as lectotype for the name L. rutilans, because it most probably corresponds with the specimen that Acharius (1809) indicated to grow on bark of Juglans in Switzerland. The lower left specimen on the same sheet is selected as the lectotype for P. parietina var. ectanea; it seems to have been removed from another sheet and glued onto this sheet, and the specimen is annotated (' Parmelia parietina var. ectanea ') in Acharius' handwriting (Orvo Vitikainen, in litt.) . It is not possible to determine the original substrate, and in the original description, Acharius (1809) reported the taxon from both bark and rock in Sweden and Switzerland. As no other material of P. parietina var. ectanea is present in UPS or H, we suspect that the specimens on H-ACH sheet no. 1301 have been combined following Acharius ' decision to keep them both in P. rutilans (Acharius 1814 Morphology. Thallus to (42-)64(-85) mm diam, well delimited and regular or forming coalescing more or less irregular hummocks, yellow to orange. Marginal lobe ends at the outermost tips (0.3-)0.66(-1.2) mm wide, at the widest point (0.9-)2.28(-4.0) mm wide, and just inside the widest point (0.8-)1.38(-3.0) mm wide. Marginal lobe tips only weakly branched, lingulate. Central parts mostly covered with overlapping, crenulate to strap-shaped, narrow lobes (0.4-)0.8(-2.7) mm wide. Upper surface more or less rough, with yellowish crystals (sometimes lacking in herbarium material). Thallus thickness (213-)320(-554) mm. Medulla with hyphae in bundles, lower part often with strongly gelatinized, more conglutinated hyphae. Apothecia mostly absent, but sometimes abundant, diam. up to (0.6-)1.82(-3.0) mm, thalline margin smooth to rough. Pycnidia rare, immersed to somewhat protruding. Conidia ellipsoid.
Chemosyndrome : Unknown. Habitat and distribution: On exposed rocks and rarely on lignum, mainly on seashores. The species often grows with X. parietina, and the relative frequency of the two species varies between localities. On the coast of Hordaland (Norway), X. aureola is generally the dominating species on seashore localities, whereas X. parietina is often rare or absent. In addition, X. aureola has been reported to grow on calcareous rocks near mountain summits (Highland Britain) (Laundon 1992 ; as X. ectaneoides), but we have not found any material from such localities in the investigated material. X. aureola is reported from the UK and other parts of western Europe, and the Mediterranean. It is locally abundant in Norway and Sweden, but becomes rarer in the northern parts.
Notes: An important difference between X. aureola and X. parietina is the rough upper surface of X. aureola, which is due to the presence of crystals (Fig. 5) . The chemical composition of the crystals is unknown, but the structure resembles an extremely thin layer of yellow coloured pruina. This character is visible with a hand lens and can be used for field determinations. On old herbarium specimens, however, the crystals tend to be less evident, or lacking. A rough upper surface is present also in X. calcicola.
The outermost parts of the lobes of X. aureola are not as markedly fan-shaped (i.e. spathulate to flabellate in the sense of Ryan, Bungartz & Nash 2002) as in X. parietina. Thus, the ' widest lobe measurements ' are not very different from the 'innermost lobe measurements ' in X. aureola. The term 'strap-shaped ' that was applied by Laundon (1992) refers to the impression these more or less evenly wide lobes of X. aureola generally give (i.e. lingulate in the sense of Ryan et al. 2002) . The marginal lobes of X. parietina tend to become narrower when growing on seashore rocks. Furthermore, lobe width can vary even within a thallus of X. aureola, as, for example, in the type material.
X. calcicola is the species morphologically most similar to X. aureola. A major feature of X. calcicola is that it is coarsely isidiate throughout the central area of the thallus and mostly deeply orange on the upper surface. Occasionally, the isidia become flattened and lobule-like, but they are never as long and wide as the central lobules of X. aureola. The two species occupy different ecological niches : X. aureola prefers seashore rocks, whereas X. calcicola mainly grows in the lowlands on more or less calcareous stone-work, etc., and rarely on bark.
X. aureola is reported here for the first time from Norway. In Sweden, X. aureola has most frequently been considered a morphotype of X. parietina (Santesson 1993 , Santesson et al. 2004 .
The lectotype of Parmelia aureola was proposed by Ove Almborn (in litt., on label dated 1963) and the lectotype of Physcia ectaneoides was also proposed by Almborn (in litt., on label dated 1971), but not published. In the original description (Acharius 1809), this species was indicated to grow on seashore rocks in the province of Bohusla¨n (' Bahusia ') in Sweden. Erichsen (1930) applied the name correctly to the seashore species including the type, and, in addition, included the inland specimens now known as X. calcicola. However, for a short period of time, but only up to more than twenty years ago (Santesson 1984) , the name was applied in a more narrow sense on species level, not including the type (Table 1) . Since the confusion was limited and lasted for a short time only, this is not a case for Art. 57 of the Code, and consequently we choose to resurrect the name X. aureola for the seashore taxon. The younger name X. ectaneoides has been used correctly, including its type, but only for a very short time and in limited geographical areas. Since the type specimen of X. ectaneoides is conspecific with the type specimen of X. aureola, the latter name has priority and must be used at the species level.
Xanthoria calcicola Oxner (Fig. 4C (Steiner & Hauschild 1970 , Søchting 1997 .
Habitat and distribution : On more or less calcareous stone-work, etc., rarely on bark.
Notes: The isidiate thallus is an important characteristic of X. calcicola. The isidia, or isidia-like structures, are typically crowded and add to the dark appearance of the thallus. They are simple and erect or sometimes flattened and lobule-like. Three types of morphology of the isidia of X. calcicola were found: (1) smooth and rather small peg-like or lobule-like ; (2) more coarse and peg-like, with a darker and more glossy orange tip than type 1 ; and, (3) very coarse peglike and irregular, with the tip appearing as it would break up. All three types of isidia in X. calcicola were sectioned at least once, revealing that the latter two types contained a pycnidium, whereas no special structures were observed in the first type.
In Sweden, X. calcicola has a southern distribution and is a red-listed species (Ga¨rdenfors 2000) , whereas it is not reported from Norway (Santesson et al. 2004) .
The lectotype of Physcia parietina var. aureola f. congranulata was proposed by Rolf Santesson (in litt., on label dated 1979), but not published. The specimen was labelled by Crombie, who also added 'f. congranulata Cromb.' to the labels of two other specimens on the same sheet.
